Dental plaster and investment are used after being mixed with water or another liquid. Therefore, when they start setting, their condition changes from fluid to non-fluid. In other words, for some time after they are mixed with water or liquid, they look slurry, but as soon as setting begins they cease to be slurry and become solid, while at the same time they start expanding. In order to measure the dimensional change of this kind of material at the time of setting, it is preferable to measure it automatically under a loadless, non-contact condition immediately after it is mixed with water until the time when it has become solid.
I Introduction
Dental plaster and investment are used after being mixed with water or another liquid. Therefore, when they start setting, their condition changes from fluid to non-fluid. In other words, for some time after they are mixed with water or liquid, they look slurry, but as soon as setting begins they cease to be slurry and become solid, while at the same time they start expanding. In order to measure the dimensional change of this kind of material at the time of setting, it is preferable to measure it automatically under a loadless, non-contact condition immediately after it is mixed with water until the time when it has become solid.
The conventional apparatus used for this purpose includes the following: comparator [1] [2] [3] [4] , micrometer microscope [5] [6] [7] [8] , dialgauge micrometer [1, 2, [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] , straingauge extensometer [21, 22] , cathetometer & photographing [23] , electromicrometer [24] [25] [26] [27] [28] , micro-displacement meter [29] [30] [31] , optomicrometer [32] , etc. However, none of these seem to satisfy, in the strictest sense, the exact measuring condition stated above.
Therefore we, the authors of this report, thought of pursuing and examining the actual dimensional change occurring in the mixture of plaster and investment from its slurry to solid condition at the time of setting. First of all, we tried to develop a kind of measuring apparatus which would fit the purpose of our research. We test-developed and examined the automatic measuring apparatus with a built-in, non-contact micro-displacement meter, which we named "NIN Setting Expansion and Shrinkage Apparatus" (which hereinafter we shall call "NIN Apparatus" for short).
We actually used this test-developed NIN Apparatus by using for material the which is easily bought. We measured the dimensional change at the time of setting, to examine the practicability of the apparatus.
II The NIN Apparatus and a magnified picture of its detector and mold is shown in Fig. 3 . The following is a detailed explanation of this apparatus. As shown in Figs. 2 and 3, the apparatus consists of the main body (a detector, a transformer, an amplifier, a panel-meter, a printer and a digital watch) and the mold. The detector is a combination of a non-contact micro-displacement meter(a) and a sensor.(b) Its measuring scope is 0.000-5.000 mm. The diameter of the receptor (sensor) is 16.0 mm, and its sensitivity is 1/1000 mm. On the surface of the panel-meter,(c) plus and minus signals are shown-when the distance between the surface to be measured and the sensor is 2.500 mm, it is indicated as 0.000. When it is less than 2.500 mm it is indicated as (-), and when exceeding 2.500 mm it is indicated as (+). These readings are recorded by the digital printer.(d) The output is printed in two stages (by the use of two timers). is also 24 hours, with an interval of one hour at the shortest and six hours at the longest. So by combining these two timers, continual printing is possible for 48 hours altogether.
As shown in Fig. 3 , the mold of this apparatus is an FRP split mold (its inside diameter is 20.0 mm and its height is 80.0 mm). When the apparatus is used for Fig. 3 Vertical Section of the Mold measurement, the height can be adjusted between 10.0 mm and 80.0 mm at 10.0 mm intervals so that the capacity of the mold can be changed within that limit. The mold is fixed in position with screw bolts on both the basement block and the split mold.
The metal plate to be put on the upper part of the material used was a round aluminium plate, 18.70 mm in diameter, 90 mm thick and 0.50 g in weight. 
Detection Theory
We read the change in distance between the sensor and the light metal plate placed on the material in the FRP mold as the change of inductance, utilizing the eddy current effect. We changed the shake frequency into electric current by the transformer in the main body of the measuring apparatus (see Fig. 4 ). We then amplified it, and showed it on the panel-meter as the measured values, at the same time automatically recording them by the digital printer.
For the calibration of this apparatus, we used a micrometer as shown in Fig.  5 . The measured values may differ slightly according to the different metal plates used at each measurement, but such differences can always be adjusted. The straight calibration line of the aluminium plate we used for our experiment is shown in Fig. 6 .
III
Material and method
Material
As for the water/power ratio (W/P), that used clinically is 0.41-0.45 [33] , and A2 type (Batch No. 07212), MARUISHI GYPSUM Co. Ltd., Tokyo, Japan that recommended by the manufacturer is 0.63-0.67 [34] . So referring to these values, we used 0.45, 0.55 and 0.65 as the W/P. The length of our material was 40.0 mm.
Method of measurement
Fifty g of plaster with the W/P as stated above was thrown into mixed water . After keeping the mixture still for 15 seconds, we stirred it for 30 seconds using a hand-mixer(f) at a speed of 120 rpm. The bubble of the mixture was removed on a vibrator for ten seconds, and then the mixture was poured into that mold . We put YAMAURA Co. Ltd., Tokyo, Japan We conducted measurements for 60 minutes starting a minute and a half after the plaster was thrown into the water (the count was then registered as zero) at intervals of 15 seconds. The measurements were made five times according to the conditions stated above, and we sought the mean values. The mold we used was an FRP mold, whose abrasion resistance is considered to be smaller than metal type molds, but in order to further reduce the abrasion resistance when the plaster expands at the time of setting, we applied a layer of vaseline on the inner side of the mold.
The above experiment was conducted with the temperature inside the laboratory IV Results Fig. 7 shows some examples of the curve of the dimensional change at the time of setting of the plaster, obtained by the NIN Apparatus. The results of the experiment are shown in Table 1 . In the table, " -1 max" shows the maximum values of shrinkage, and " + max" the maximum values of expansion (final values).
As is clear from the figure and the table, we could precisely record the shrinkage as soon as it occurred, the exact time when the expansion began, and could observe the expansion as it first appeared. We have found that the plaster begins shrinking for a while as soon as it is mixed with water or liquid. After the maximum shrinkage is reached, then expansion is to be observed. Furthermore, according to the results of our experiment, the final values we obtained were smaller than those Table 1 Results of the Measurements obtained at the onset of the measurement (zero). This means there is overall shrinkage.
V Discussion
There are three major points we should consider in measuring the dimensional change of plaster or investment when it changes from the slurry to solid state. 1) The measurement load; 2) the moment when the measurement begins; 3) the shape of the mold into which the material is poured, and the direction of the measurement (whether vertical or horizontal).
Measurement load
When we wish to measure the dimensional change of some material as it changes from the fluid to non-fluid state and simultaneously expands, it is of course preferable that no load, or only an extremely small load, is present at the time of measurement.
Now let us consider the measurement load of some typical conventional apparatus. The measurement load of a dialgauge micrometer is 5-50 g [24] , 70-80 g [28] . In the case of an electromicrometer, it is 14-25 g [28, 32] , and for a differentialelectromicrometer, it is 3.5 g±a (measurement accessory) [32] . In the case of a differential displacement meter, there is no information about its measurement load [30] , but since it is contact style, the same load as mentioned above can be expected. Since there is always a measurement load, these apparatus are considered unsuitable for measuring the dimensional change of the plaster when it changes from a slurry to a solid state.
Among the conventional apparatus, a micrometer microscope [5] [6] [7] [8] and an optomicrometer [32] can be considered as capable of non-contact measurement with a very small load. However, in a micrometer microscope we have to read the figures set on the material, and its operation is extremely complicated; it is next to impossible to conduct continual automatic measurements. In an optomicrometer, on the other hand, since the silvered vacuum cover glass is placed on the material and infrared rays are reflected to measure the difference in distance, measurement load is extremely small. However, because of the heat of the infrared rays, measurement has to be conducted while the metarial is subjected to heat. Furthermore, sensitivity differs according to the reflection rate and the diffusion rate. Therefore, this method is unsuitable for any material on whose measured side the color and coarseness change during the measurement, and the measuring operation is extremely complicated.
Compared with these apparatus, since the aluminium plate of the NIN Apparatus, which is considered a load, is extremely light-0.5 g-it can be considered to
give no influence to the measurement.
The time when measurement begins
Plaster and investment start their reaction the moment powder is mixed with water or another fluid. Therefore, it is necessary to start measurements as soon as the fluid is added, if the general dimensional change is to be measured. If this starting moment is not caught precisely, it will not only become diffcult to grasp the exact movement of the mixture until the flow of the slurry disappears, but the indication of the dimensional change due to the later expansion will greatly differ. However, the afore-mentioned measurement load and the operational efficiency of the apparatus should be considered here. For example, in the case of JIS [9, 10] , which adopts the dialgauge micrometer method, six minutes after mixing is begun is set as the starting point for measurement. However, as mentioned earlier, when the measurement load is taken into account, to start the actual measurement is impossible for some time until the flow of the slurry mixture has disappeared. Therefore, the earlier changes cannot be measured. The same is considered true with the electromicrometer method because of its large measurement load [28, 32] . In the case of the differential electromicrometer method, the time to start measurement is set at three minutes after the mixing is started [24] . But here, too, although its measurement load is smaller and has little influence, the measurement of the earlier condition is also considered difficult due to some operational problems. As in all the other measuring apparatus mentioned above, the time for them to start measurement is always set some time after the early solidification has taken place; so it is impossible to observe the earlier changes.
Compared with all of these apparatus, the NIN Apparatus is simple to manipulate. It can start measurement 1.5 minutes after the mixing is begun. As it is clear from our experiments, we could observe the shrinkage at a very early stage, and could observe very clearly the expansion which occurred later.
The shape of the mold and the direction of its measurement
According to the shape of the mold in which the material is contained-whether it is of the closed type surrounded by all sides, or the type in which one side is open, or horizontal or vertical-the dimensional change is considered to appear in somewhat different forms.
When the upper side of the mold is open, for example, the expansion at the time of setting will naturally grow towards the unrestricted open side. At the same time, evaporation occurs, and W/P will change, and different degrees of expansion may partially appear.
When the mold is horizontal or vertical, the direction of measurement is either horizontal or vertical. In this case, the force to expand horizontally differs from that of expanding vertically, and the dimensional change may take more or less different forms. Furthermore, immediately after the mixing, a difference is supposed to appear due to the dead load of the plaster powder. For example, for the above reason, the early shrinking phenomenon will appear vertically, rather than horizontally. Therefore, when the measurement is made using a horizontal mold, the dimensional change due to the early shrinkage appears smaller. This tendency is expected to be particularly conspicuous in the mold whose upper side is open [9,10}, together with the effect of evaporation. Therefore, in the meausrement of the dimensional change from the slurry to solid and then to set condition, the vertical mold is considered to be preferable and so it was used in our experiments.
Considering all these aspects, the NIN Apparatus we have developed is thought to be extremely effective in measuring the dimensional change of plaster and investment at the time of their setting.
VI Conclusions
With the test-developed NIN Apparatus and using p-plaster as material, we measured the dimensional change of the flowing condition of the mixture of plaster and water from slurry to solid. As a result, we have succeeded in observing very clearly the condition of early shrinkage, the time when expansion appeared, and the tendency of later expansion.
The following are some of the marked characteristics of the NIN Apparatus: 1) Since we can measure under a non-contact condition, there is almost no possibility whatsoever for either restricting or promoting the expansion at the time of setting;
2) Dimensional changes are measured in the form of the distance between the sensor and the metal plate placed on top of the material, and the amount of change is measured as the average value of the surface of the metal plate;
3) We can freely choose the sensor according to the required amount of change, and the size of the object to be measured;
4) The apparatus is influenced so slightly by temperature anfi humidity that it can be used even in some liquid (water, oil, etc.); 5) Calibration can be conducted irrespective of the kinds of metal placed on top of the object to be measured.
